a Dispersive solid-phase extraction (DSPE) combined with ultrasound-assisted emulsification microextraction (UAEME) has been developed as a novel approach for the determination of lead and cadmium in food and environmental samples prior to graphite furnace atomic absorption spectrometry.
Introduction
Heavy metal contamination presents a signicant threat to the ecosystem due to severe toxicological effects on living organisms. The determination of hazardous metal ions (HMIs) is of interest in different areas including environmental analysis, pharmaceutical and food processes, biology and medicine. Since heavy metals in the environment can enter food chains, and nally accumulate in living organisms to produce biological toxicity even at a very trace level, the strict monitoring of heavy metals in environmental substances is of great importance to evaluate the risk of heavy metals for human health; in this case, accurate analytical methods are required.
Lead and cadmium are two of the most hazardous elements to human health, because both cause adverse effects on metabolic processes. Cadmium is the sixth most poisonous substance jeopardizing human health. Cd can be harmful to plants and, through accumulation into the food chain, to human health. 1 Lead is a serious cumulative body poison and enters our body system through food, water, and air. The main target for lead toxicity is the nervous system. The World Health Organization has reported tolerable weekly intakes of Cd and Pb as 0.007 and 0.025 mg kg À1 body weight, respectively.
2
Several advance analytical techniques are available for the determination of trace metals with sufficient sensitivity such as electrothermal atomic absorption spectrometry (ETAAS) and inductively coupled plasma optical emission spectrometry (ICP OES) as well as other methods. 3 Because of electrothermal atomic absorption spectrometry (ETAAS) only requires a few microliters of sample to carry out the determination, and DLLME involves preconcentration in a small volume of solvent, the DLLME-ETAAS combination is of a particular interest. In this way a procedure able to compete with ICP-MS as regards sensitivity results, as demonstrated in a number of recent articles.
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The analysis of elements in trace levels is a difficult analytical task, mostly due to the complexity of the matrix and the low concentration of these elements, which requires sensitive instrumental techniques and oen a preconcentration step. 4, [7] [8] [9] For this reason, a preliminary separation and preconcentration step is oen required to enhance the sensitivity of the method. Several methods involving preconcentration techniques, such as liquid-liquid extraction (LLE) or solid phase extraction (SPE) have been developed for the quantication of trace elements. However, conventional LLE consumes large amounts of the high costing and potentially hazardous organic solvents. In addition, in trace analysis, a large volume of sample is oen required and its handling can be extremely time-consuming besides being tedious. The liquid phase microextraction (LPME) technique efficiently overcomes these problems by reducing the amount of organic solvent and combining extraction, preconcentration and sample introduction in one step.
Modern trends in analytical chemistry are towards the simplication and miniaturization of sample preparation procedures. LPME has emerged in these last years as a powerful tool for preconcentration and matrix separation prior to detection. Dispersive liquid-liquid microextraction (DLLME) is based on ternary component solvent systems, in which a mixture of extracting and dispersive solvent is rapidly injected into an aqueous sample containing the analytes of interest, which causes the formation of a cloudy solution. In DLLME, disperser solvent is miscible in both aqueous and organic phases. 10 On the other hand, adding disperser solvent such as methanol in water, the interfacial tension of mixture decreases which it seems play an important role in dispersion of organic solvent in water by increasing the surface area between the organic and aqueous sample.
11 Hereon, the surface area between the extraction solvent and aqueous phase (sample) is innitely large and phase transition of analyte into the organic phase is fast. Hence, equilibrium state achieves fast, leading to a very short extraction time.
Despite of undeniable benets of DLLME, the use of disperser solvent usually decreases the partition coefficient of analytes into the extractant solvent and also it can complicate the phase separation process. To overcome these problems, a new mode of liquid-phase microextraction, namely ultrasound-assisted emulsication microextraction (USAEME) has been developed. 12 In this method, an extraction solvent is dispersed into aqueous solution by ultrasound radiation without addition of any water-miscible organic dispersive solvent. Ultrasound radiation can lead to a process named cavitation. In cavitation process, bubble in a liquid rapidly collapses, producing a shock wave. Sufficient energy of this shock can break down the droplet of dispersed phase and generate a smaller droplet size immediately aer disruption, thus enhancing the emulsication. 13 As a consequence, the ultrasound radiation is an efficient tool to accelerate the masstransfer process between two immiscible phases, leading to an increment in the extraction efficiency of the technique in a minimum amount of time.
14 The method is also modied by the advantages of solidication of a oating organic (SFO) droplet (USAEME-SFO). In this technique, low density solvents having near room temperature melting points was used as extraction solvent, solidied in ice bath aer its centrifugation and can be collected easily without using any specic holders.
Dispersive solid phase extraction (DSPE) 15 is another novel sample preparation technique which offers unique advantages such as simplicity, low solvent use, high cost effectiveness, safety, and automation. The sorbent in DSPE is directly added into the sample solution containing the target analytes without forming a column or conditioning. The choice of appropriate sorbent is a critical factor to obtain good recovery and high enrichment factor in SPE procedure.
Ordered mesoporous materials have gained considerable interest due to their potential applications in adsorption, catalysis and preparation of advanced nanostructured materials with remarkable physical and chemical properties. 16, 17 Among mesoporous silica materials, SBA-15 has relatively good hydrothermal stability, and possesses hexagonal arrays of uniform pores with high special surface area and large pore volume.
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Newly synthesized amine-functionalized SBA-15 was used as DSPE sorbent. The structural evaluation studies of sorbent were performed with various experimental techniques such as transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FT-IR).
In this study, functionalized SBA-15/CCmet was synthesized and used as a new sorbent for the extraction of metal ions. The aim of this study was the combination of dispersive solid phase extraction (DSPE) with ultrasound-assisted emulsication microextraction (USAEME) for the highly efficient extraction and determination of ultra trace amounts of Pb 2+ and Cd 2+ ions using graphite furnace atomic absorption spectrometry (GFAAS). The inuence of different experimental parameters on the performance of both the steps were thoroughly investigated and discussed. Finally, the applicability of the proposed method was tested by the determination of lead and cadmium in food and environmental samples. In addition, the accuracy of the proposed methodology was evaluated by analyzing a standard reference material.
Experimental

Instrumentation
Transmission electron microscopy (TEM) measurements were performed using a Philips CM10 operated at 100 kV electron beam accelerating voltage. Scanning electron microscopy (SEM) measurements were obtained using a Philips XL30. The synthesis of SBA-15 was performed following a well-known procedure. 19, 20 In short explanation for the SBA-15 synthesis, 4.0 g of pluronic P123 was dissolved in 50 mL of water and stirred for 5 h at room temperature. The mixture was added to 120 mL of 2 mol L À1 hydrochloric acid solution and remained for 2 h. Then, 8.5 g of TEOS was added to that solution and stirred for 24 h at 35 C. The mixture was then aged at 80 C for 24 h without stirring. Aer completion of the reaction, the solid products were ltered, washed with deionized water, and airdried overnight. The P123 was removed thoroughly with hot ethanol/water (3 : 2) using a Soxhlet apparatus for 24 h. It was dried in air at 100 C overnight.
The route employed for the synthesis of the SBA/CCMet are shown in Scheme 1. To a 100 mL of round-bottom ask were introduced 30 mL of anhydrous toluene and 3.0 g of SBA-15 and 0.18 g (1.5 mmol) of 3-aminoropropyl trimethoxysilane (APTMS) were added. The solution was reuxed for 24 h under an inert atmosphere, ltered and washed subsequently with toluene, dichloromethane, and methanol, and dried under reduced pressure at 80 C for 10 h. In another 100 mL round-bottom ask, to a solution of 3 g of aminopropyl functionalized SBA-15 in 35 mL of THF, 0.5 mL of diisopropylethylamine was added. Then, 0.46 g (3 mmol) of cyanoric chloride was added in 0 C. Aer 2 h, the solution was decanted and washed with 2 Â 25 of fresh THF and decanted. Then, 25 mL of acetonitrile and 1 mL of diisopropylethylamine was added to residue. 0.91 g of free metformin (7 mmol) was added to the mixture and stirred. Aer completion of the reaction, the solid products were ltered, washed with deionized water and then acetone and dried at 50 C for 12 h. The clung metformin on triazine functionalized SBA-15 (SBA-15/CCMet) was obtained through this simple procedure. 21 
Extraction procedure
The general procedure for extraction of ions by SBA-15/CCMet was as follows: SBA-15/CCMet as solid-phase extraction sorbent was used for the extraction of Pb 2+ and Cd 2+ from the aqueous samples. To a suitable volume (100 mL) solution of Pb 2+ , Cd 2+ and (at pH ¼ 7.5), 10 mg of SBA-15/CCMet was added and the mixture was stirred for at least 10 min. In the case of food and environmental sample, the nal volume aer digestion reached to 100 mL in a volumetric ask. Then 10 mg of SBA-15/CCMet was added to nal solution and the mixture was stirred for at least 10 min. Then the resulting mixture was centrifuged for 5 min at 5000 rpm. Aer the extraction, the extracted ions by the SBA-15/CCMet were stripped using 5 mL of 0.2 mol L À1 solution of nitric acid. The eluent pH was adjusted to pH 3 with sodium acetate solution (0.1 mol L À1 ). DDTP was utilized as the chelating agent for extraction of Pb 2+ and Cd 2+ .
The optimum concentration of chelating agent (0.03% (v/v) of DDTP) was added into the metal solution. Pb 2+ and Cd 2+ reacted with DDTP in the form of hydrophobic complex which could be extracted into the dispersed ne droplets. Then 40 mL of extractant (1-undecanol) was injected quickly into the solution by using a syringe. The mixture was homogenized by shaking with hand for a few seconds, then, the solution was sonicated in ultrasonic bath for 3 min. A cloudy solution, resulting from the dispersion of the ne 1-undecanol droplets in the aqueous solution, was formed in the test tube. In this step, the metal ion complexes were extracted into the ne droplets of 1-undecanol. The mixture was then centrifuged for 5 min at 5000 rpm. Accordingly, the dispersed ne droplets of the extraction phase were collected on the top of the conical test tube. The test tube was transferred into a beaker containing ice pieces and the organic solvent was solidied, then the solidied solvent was transferred into a vial, where it melted immediately. Finally, 10 mL of collected extraction solvent using an auto-sampler was injected into the GFAAS. The extraction set-up for DSPE-UAEME-SFO is illustrated in Scheme 2.
2.5. Sample collection and preparation 2.5.1. Water samples. Water samples including river water (Gharaso and Saymareh River) and well water were collected from west of Iran. All the above real-water samples were ltered to remove any suspended particulate matter and stored at 4 C in a refrigerator before use. Final aqueous solution was subjected to DSPE-USAME-SFO procedure. 2.5.2. Rice. Three Iranian rice samples were purchased from a local supermarket in Kermanshah. 0.1000 g of powdered rice samples dissolved in 10 mL concentrated HNO 3 and heated on a hot plate at a low temperature. Then, 3 mL of concentrated HCl was added to the mixture and heated to near dryness. Under the heating conditions, concentrated hydrogen peroxide was added and heated for another hour to complete the digestion. The solution was diluted to 100 mL with deionized water. The nal solution was analyzed according to the analytical procedure. 2.5.3. Human hair. The hair sample was prepared as reported. 22 Hair samples were collected from the vertex of the scalp by cutting from the scalp region, and the hair length varied between 3 and 5 cm prior to analysis, all hair samples were cut into 2 cm with a stainless steel scissor. The hair samples were then washed three times with doubly distilled deionized water, and oven-dried at 100 C. About 0.1000 g of the dried sample was placed in a 50 mL beaker and 5 mL concentrated HNO 3 (65%) and 1 mL concentrated HClO 4 (70-72%) were added. The content of the beaker was heated on a hot plate (initially at 100 C for 20 min). Aer complete dissolution, the solution was cooled to 70 C and 3 mL of H 2 O 2 (30%) was added.
The mixture was heated to dryness to yield a whitish residue. About 2 mL of 0.1 M HNO 3 was added to the beaker and the content was heated at 100 C for 5 min. Aer cooling to room temperature, the solution was completely transferred to a calibrated 100 mL volumetric ask; the pH was adjusted to pH 7.5. The resulting sample solution was subjected to DSPE-USAME-SFO procedure. 2.5.3.1. Live subject statement. Method of digestion of human hair was done according to pervious method in our department. Human hair sample was collected voluntarily and it is provided from waste haircut of hair dresser.
2.5.4. Fish. Two sh samples (farmed salmon) were obtained from local market in Kermanshah (a city in west of Iran). Each sample was placed in a watch glass, rinsed with water, and dried in an oven at 150 C. 0.1000 g of dried sh muscle was digested with 3 mL of concentrated HNO 3 (65%) and 1 mL of concentrated H 2 O 2 (30%) and heated for 1 h. The proteins were precipitated and separated during the digestion process. The resulted solution was ltered through a lter paper for remove the precipitated proteins. Aer digestion; the volume was made up to 100 mL with deionized water. The pH of samples was adjusted to 7.5. Final solution was subjected to DSPE-UAEME-SFO procedure. Two certied reference material (DORM-2-dogsh muscle, NRC, Canada; Muscle tissue-NIST SRM 2976) were prepared according above procedure.
2.5.5. Tea. Three of the most widely consumed brands of black tea were purchased from local supermarket in Kermanshah (a city in west of Iran). 0.1000 g of tea was dissolved in 5 mL of concentrated HNO 3 (65%) and heated for 1 h, and then it was ltrated and evaporated to about 1 mL. Aer digestion, the volume was made up to 100 mL with deionized water. The pH of samples was adjusted to 7.5. Final solution was subjected to DSPE-UAEME-SFO procedure.
2.5.6. Honey. All honey samples were provided by the local association of bee keepers with guaranteed origin and made by traditional procedures in the honey-producing region; all samples were collected in clean and closed glass bottles and immediately transferred to the laboratory; all samples were stored in glass bottles and kept at 4 C in dark place until
analysis. An amount of 0.1000 g of each sample was digested with 3 mL of HNO 3 (65%) and 1 mL of H 2 O 2 (35%). Aer that, samples were digested in the microwave oven. 23 Aer digestion, the volume was made up to 100 mL with deionized water.
2.5.7. Cow milk. Samples of caw milk were collected from milk collecting centers which were representative of the traditional dairy farms, and transported at 2-4 C in an icebox before analysis. A 10.0 mL of each liquid milk sample was transferred into 100 mL glass beaker and then 18 mL of HNO 3 (65%) and 1 mL of H 2 O 2 (30%) were added. The content of the beaker was heated on a hot plate for 1 h. The digested solutions were then allowed to cool for 10 min. To the cooled solution, 10 mL distilled deionized water was added to dissolve the precipitate formed on cooling and gently swirled for a while. The digested samples were then ltered into a 100 mL ask using Whatman lter paper to remove any suspended or turbid residues. Aer digestion, the volume was made up to 100 mL with deionized water.
Results and discussion
Characterization of functionalized SBA-15
Fig . 1 shows the FT-IR spectra obtained for SBA-15/CCMet. As it is seen, the typical silica bands associated with the main inorganic backbone can be clearly observed in spectrum. The sharp band at 1052 cm À1 is corresponding to Si-O-Si anti-symmetric stretching vibration, being indicative of the existence of a silica material.
24 Fig. 1 shows the spectrum of SBA-15/CCMet and signal appeared at 3350 cm À1 is attributed to the presence of N-H stretching. The bending vibration of amine group is also observed at 1650 cm À1 . This assignment is supported by the analysis of the IR spectrum of melamine. 25 The band in the spectral region of 1251 cm À1 can be assigned to the side chain in plane C-N-C and N-C-N bending of triazine ring.
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The morphology and size of the SBA-15/CCMet was determined by TEM images. Typical TEM images obtained for SBA-15/CCMet is shown in Fig. 2 . 
Optimization of DSPE-SA-DLLME parameters
In the present work, DSPE-USAEME combined with GFAAS was developed for the determination of lead and cadmium in food and environmental samples. This combination lead to very high enrichment factor and could be used in complex matrices. In order to obtain a high extraction recovery and enrichment factor with the employment of DSPE-USAEME, the DSPE and USAEME conditions were optimized. In order to reach optimum experimental conditions for quantitative extraction of lead and cadmium ions via DSPE-UASEME, the inuence of different parameters affecting the extraction efficiency such as, amount of SBA-15/CCMet, pH, type and volume of extraction and elution solvent, concentration of chelating agent, ultrasonic and centrifugation time, and concentration of salt were investigated.
3.2.1. Optimization of the DSPE procedure 3.2.1.1. Effect of the breakthrough volume. In the analysis of heavy metals, the sample volume is one of the important parameters inuencing the extraction recovery. In order to achieve a high extraction recovery for sample with very low analyte concentration, a large volume of samples solution is required. The effect of breakthrough volume on the extraction of 0.1 mg of Pb 2+ and Cd 2+ from different sample volumes (50.0 to 2000.0 mL) was investigated. The results showed that an acceptable extraction recovery was observed when sample volumes were increased to 1500 mL, which seemed to be the tolerated volume for breakthrough (Fig. 3) Fig. 4 . The pH of solution was adjusted by either HNO 3 or concentrated ammonia. As can be seen from Fig. 4 , Pb 2+ and Cd 2+ can be extracted quantitatively by the SBA-15/CCMet in the pH $ 7.5. It could be due to the charge-dipole interaction between metal ions and nitrogen atoms of SBA-15/CCMet. But at lower pH (pH # 4), the nitrogen atoms could be protonated and reduces the stability of the complexes, leading to decrease in extraction efficiency. Thus, in subsequent experiments, a solution of pH 7.5 was used for further studies. . Fig. 4 The effect of the solution pH on the extraction recovery of Pb Fig. 6 . As shown in Fig. 6 , upon increase of DDTP up to 0.04% (v/v), the extraction efficiency increased and kept constant upon further increase in concentration. Therefore, a concentration of 0.04% (v/v) DDTP was selected as the best choice to prevent any interference.
Effect of type and volume of extraction solvent.
Select a proper extraction solvent in UAEME is crucial. Extraction solvent should possess some properties as extraction capability of analytes, low solubility in water, low volatility, proper melting point around room temperature, no interference with the analytical techniques used for the determination of analyte, and a density lower than water. In this study, three different organic solvents were tested; including 1-decanol, 1-dodecanol and 1-undecanol. Average extraction recovery (n ¼ 5) and standard deviation (SD) for different extraction solvents are shown in Fig. 5 Effect of amount of SBA-15/Met on the extraction recovery of Pb 2+ and Cd 2+ with a concentration of 0.1 mg L À1 obtained from DSPE-USAEME-SFO. Extraction conditions: similar to those in Fig. 4 , except for a sample solution pH of 7.5. Fig. 6 Effect of concentration of DDTP on the extraction recovery of Pb 2+ and Cd 2+ obtained from DSPE-UAEME-SFO. Extraction conditions are similar to those of Fig. 4 . In order to examine the effect of the volume of the extraction solvent on the performance of the presented UAEME procedure, different volumes of 1-undecanol (20, 30, 40, 50 , 60, 80 mL) were used. By increasing the volume of 1-undecanol from 20 to 80 mL, the volume of the oating organic drop increases from 16 to 74 mL. It is clear that, by increasing the volume of 1-undecanol, the extraction recovery increases and by further increasing of the extraction solvent volume, the extraction recovery slightly decreases because of dilution effect (Fig. 8) at higher volumes than 40 mL, extraction recovery slightly decreases whereas the enrichment factor found to decrease signicantly. The volume of extractant solvent has to be selected to obtain high enrichment factor and extraction recovery. In the subsequent studies, 40 mL of 1-undecanol was used as the optimal volume of the extraction solvent.
3.2.2.3. Effect of pH. In the extraction of metal ions, the complexing and extraction efficiency are closely related to the pH of the solution system. Extraction of metal ions by UAEME involves complex formation with adequate hydrophobicity to be extracted into small volume of organic phase. It is clearly indicated that pH of the aqueous solution is an important factor for the quantitative recoveries of analytes and play a unique role on metal-chelate formation and subsequent extraction. In order to obtain the favorable complexing and preconcentration efficiency, the pH values were studied in the range of 1.0-7.0. The obtained results indicated that the extraction recovery of Pb 2+ and Cd 2+ remained more or less constant when the sample pH increased from pH 1 to 3.0, and decreased signicantly at higher pH values (Fig. 9) . On the other hand, since an aqueous solution of DDTP is nearly acidic, within the optimized pH range (i.e., pH 3.1 in 100 mL aqueous solution), in this work, the use of an acidic solution for the pH adjustment was not needed.
Effect of ionic strength.
Generally in liquid phase microextraction methods, addition of salt to aqueous solution causes a decrease in solubility of the analytes and enhances their partitioning into the organic phase (salting-out effect). To investigate the effect of ionic strength on UASEME (extraction recovery of Pb 2+ and Cd
2+
) performance, different amounts of sodium chloride in a range of 0-10% (w/v) were added to the sample solution. The obtained result indicated that the salt addition has no signicant effect on the extraction recovery of Pb 2+ and Cd 2+ . Therefore, subsequent experiments were done without any salt addition.
Effect of sonication time.
In traditional dispersive liquid-liquid extraction, an organics solvent is applied to disperse the extraction solvent, but, as a result of the toxicity of Fig. 9 Effect of pH on the extraction recovery of Pb 2+ and Cd 2+ obtained from DSPE-UAEME-SFO. Extraction conditions are similar to those of Fig. 4 . these solvents, ultrasonic bath was used for the dispersion process. The ultrasound radiation is an effective tool to assist the emulsication phenomenon and accelerates the masstransfer process between two immiscible phases, leading to an increase in the extraction efficiency of the technique in a minimum amount of time. 27 Sonication time is one of the important factors in UAEME. The effect of the sonication time was studied in the range of 0-7 min. The results showed that the extraction recoveries are increased by increasing the sonication time before 4 min, and aer that, remained nearly constant. Therefore, 4 min of sonication time was chosen in subsequent experiments.
3.2.2.6. Effect of centrifugation time. A centrifugation step was necessary for the phase separation. The effect of centrifugation times on extraction recovery of Pb 2+ and Cd 2+ ions was studied in the range of 1 to 10 min at a rate of 5500 rpm. The extraction recovery for Pb 2+ and Cd 2+ ions was lower when the centrifugation time was shorter than 3 min. But, longer centrifugation has no remarkable effect on the extraction recovery of Pb 2+ and Cd 2+ ions. Hence 3 min (5500 rpm) was chosen in the subsequent experiments.
Interference study
The selectivity of the DSPE-UASEME for determination of Pb
2+
and Cd 2+ was evaluated. For this purpose, a series of experiments were designed using 100 mL of solution that contains 0.1 mg L À1 of Pb 2+ and Cd 2+ and various amounts from interfering ions, were preconcentrated and determined. A given spices was considered to interfere if it resulted in a AE5% variation of the GFAAS signal. The results obtained are given in Table 2 . The results showed that interferences possess no obvious inuence on the signal intensity of the analytes (Table 2) . Table 6 Comparison of the DSPE-UAEME-DLLME with some other methods reported for preconcentration and determination of Pb 2+ and Cd e UASEME-FAAS, ultrasound-assisted surfactant-enhanced-microextraction-ame atomic absorption spectrometry.
f NNGT-MSA-DLLME-FAAS, narrow neck glass tube-magnetic stirring-assisted dispersive liquid-liquid microextraction-ame atomic absorption spectrometry.
g TIL-UDLLmE-ETAAS, temperature-controlled ionic liquid-based ultrasound-assisted microextraction-electro thermal atomic absorption spectrometry.
h DLLME-ICP, dispersive liquid-liquid microextraction-inductively coupled plasma.
i US-TC-IL-ME-FAAS, ultrasound-assisted temperature-controlled ionic liquid microextraction-ame atomic absorption spectrometry.
j UA-IL-DLLME-FAAS, ultrasonic-assisted and ionic liquid-based dispersive liquid-liquid microextraction-ame atomic absorption spectrometry.
k USAEME-GF-AAS, ultrasound-assisted emulsication microextraction-graphite furnace-atomic absorption spectrometry.
l USAEME-GFAAS, ultrasound-assisted emulsication-microextraction-graphite furnace atomic absorption spectrometry. m HF-SPME-DPASV, hollow-ber solid/liquid phase microextraction-differential pulse anodic stripping voltammetry.
n NDILME-GFAAS, non-dispersive ionic liquid microextraction-graphite furnace atomic absorption spectrometry.
o EB-DLLME-FAAS, emulsication based-dispersive liquid-liquid microextraction-ame atomic absorption spectrometry.
p DLLME-FAAS, dispersive liquid-liquid microextraction-ame atomic absorption spectrometry.
q In situ DIL-EME-mSPE-FAAS, in situ dicationic ionic liquid-emulsication microextraction-micro solid phase extraction ame atomic absorption spectrometry.
r Solid-phase extraction-dispersive liquid-liquid microextraction-graphite furnace atomic absorption spectrometry.
s Dispersive liquid-liquid microextraction-atomic absorption spectrometry. t Dispersive liquid-liquid microextraction-electro thermal atomic absorption spectrometry.
u IL-UAEME-FAAS, ionic liquid-ultrasound assisted emulsication microextraction-ame atomic absorption spectrometry.
v SPE-SD-DLLME-FAAS, solid phase extraction-solvent-based de-emulsication-dispersive liquid-liquid microextraction-ame atomic absorption spectrophotometry.
w Dispersive solid phase extraction-ultrasound assisted emulsication microextraction-solidication of organic droplet-electrothermal atomic absorption.
Analytical gures of merit
The analytical performance was investigated in terms of linearity, correlation coefficient, limit of detection (LOD), enrichment factor (EF) and reproducibility under optimized experimental conditions (Table 3 2+ , with a preconcentration factor of 1800. It is noteworthy these limits of detections for the proposed extraction method are in the same order of magnitude as ICP-MS. While capital cost is somewhat lower for the method. Thus, the proposed extraction method seems to be preferable to other existing technology for determination of these elements ( Table 3) . The repeatability (intra-day) and reproducibility (inter-day) of method were evaluated by carrying out seven replicate extraction and determination of Pb 2+ and Cd 2+ at a concentration level of 0.1 mg L À1 during a day (intra-day) and seven replicates at seven subsequent days (inter-day). The values of intraday RSD were 4.9 and 5.1 for Pb 2+ and Cd 2+ respectively.
Regarding the inter-day RSD, 5.3 and 5.5 was obtained for Pb 2+ and Cd 2+ respectively.
Analysis of sh certied reference material
The accuracy of the proposed method for the extraction and determination of Pb 2+ and Cd 2+ ions was evaluated by determining the concentration of these ions in two sh certied reference material (DORM-2-dogsh muscle, NRC, Canada; Muscle tissue-NIST SRM 2976). The CRM samples were subjected to the DSPE-UAEME procedure. The obtained results are in good agreement with the certied values (Table 4 ).
Analysis of real samples
The proposed DSPE-UAEME combined with GFAAS methodology was applied for determination of Pb and Cd in different food and environmental samples. The results for sh, honey, Iranian rice, black tea, cow milk, human hair and water samples are given in Table 5 . These samples was then spiked with the standards of Pb 2+ and Cd 2+ at different concentration levels and all experiments were performed in ve replicate (n ¼ 5). According to the results, the spiked Pb and Cd can be quantitatively recovered from all of the samples studied by the proposed procedure. These results demonstrate the applicability of the procedure for Pb and Cd determination in real samples.
3.7.
Comparison of DSPE-UAEME-SFO with previously reported methods
In Table 6 are compared the performance characteristics of the proposed DSPE-UAEME-SFO method for determination of Pb 2+ and Cd 2+ in real samples with those of some other reported methods. It is clearly seen that the proposed method possesses a good sensitivity together with a suitable dynamic linear range and an improved limit of detection. In fact, the DSPE-UAEME-SFO has higher enrichment factor (except ref. 35 ) and lower detection limit, than all the other methods (except ref. 37 ). The RSD values in the DSPE-UAEME-SFO are relatively low, the extraction time is relatively short and its enrichment factor is much higher than that of the previous methods. These characteristics are of great interest for the routine laboratories in the trace analysis of metal ions.
Conclusions
SBA-15/CCMet was synthesized and used as a new sorbent for simultaneous preconcentration and extraction of Pb 2+ and Cd 2+ in DSPE. It was characterized by TEM, and FT-IR techniques. In the present study, DSPE method was combined with UAEME-SFO technique followed by GFAAS determination as a highly sensitive, accurate and reliable method for the preconcentration and determination of Pb 2+ and Cd 2+ in food and environmental samples. The limits of detection were 0.2 ng L À1 for Pb 2+ and 0.5 ng L À1 for Cd 2+ , with a preconcentration factor of 1800.
It is noteworthy these limits of detections for the proposed extraction method are in the same order of magnitude as ICP-MS. While capital cost is somewhat lower for the method. Thus, the proposed extraction method seems to be preferable to other existing technology for determination of these elements. This technique provides good precision, simplicity, multielement enrichment capability, ease of operation, environmentally friendly, good recovery and low detection limits within a relatively short time. The other benets of the developed method were none-use of the organic disperser solvent, low cost and good accuracy and selectivity. As a conclusion, the proposed method possesses great potential in analysis of ultra trace Pb and Cd in real samples.
